Differential effects of glucose stimulation upon rapid pulses and ultradian oscillations of insulin secretion.
To determine the effect of glucose stimulation on the rapid 8- to 15-min pulses and the ultradian 80- to 170-min oscillations of insulin secretion, peripheral concentrations of glucose, insulin, and C-peptide were measured at 2-min intervals over 2 h (i.e. rapid experiments), at 15-min intervals over 8-20 h (i.e. ultradian experiments) in 17 normal subjects during saline infusion, or during constant glucose infusion at a rate of 3 mg/(kg.min) (i.e. low dose) or 6 mg/(kg.min) (i.e. high dose). In the ultradian experiments, insulin secretory rates (ISR) were calculated by deconvolution of the plasma C-peptide concentrations. Significant oscillations with 125- to 166-min periods were detected in all glucose and ISR profiles. The numbers of ISR oscillations per 24 h were similar during saline infusion and low and high dose glucose infusion. In contrast, the amplitude of the ISR peaks increased progressively from 14 +/- 1 pmol/min during saline infusion to 50 +/- 7 pmol/min and further to 97 +/- 9 pmol/min during low and high dose glucose infusions, respectively. When expressed as percent increment, the amplitude of the ISR oscillations increased significantly from 31 +/- 5% during saline infusion to 41 +/- 4% during low dose glucose infusion and 44 +/- 3% during high dose glucose infusion (P < 0.05). In all profiles obtained from the 2-min sampling experiments, rapid pulses of glucose, insulin, and C-peptide were apparent. The number of insulin pulses during saline and glucose infusions corresponded to a mean periodicity of 10 min. The amplitude of these rapid insulin pulses increased from 17.3 +/- 2.9 to 39.8 +/- 11.8 pmol/L (P < 0.01) in response to glucose. In contrast to the ultradian oscillations, the relative amplitude of the rapid insulin pulses decreased significantly from 28.8 +/- 3.4% during saline infusion to 13.6 +/- 1.6% during high dose glucose infusion (P < 0.01). Our findings demonstrate that the pancreatic response to glucose stimulation is different for the rapid pulses and the ultradian oscillations. When the rate of glucose stimulation is increased, the absolute amplitude of both the rapid pulses and the ultradian oscillations increases. However, when expressed as percent increment, the amplitude of the rapid pulses decreases during glucose stimulation, whereas the amplitude of the ultradian oscillations increases. These findings suggest that the two oscillatory modes have a different origin and physiological significance.